the symptoms were unchanged [12] . Immediate operation is indicated only if neurological symptoms develop, or if pain is intolerable [9, 12] . Controlled clinical studies comparing conservative and surgical treatment are rare, and there are few reports on long-term results. The outcome of those studies favor surgical over conservative treatment [2, 3, 12] .
Since the introduction of high-resolution noninvasive radiographic image technologies such as magnetic resonance imaging (MRI) and computed tomography (CT), spinal stenosis has been diagnosed more frequently [14] .
The incidence of surgical management has been reported from individual regions or hospitals [4, 7, 11, 16] . The characteristics and mortality of these patients have only been reported occasionally [8, 17] . To our knowledge there have been no previous reports on analyses of national data.
The aim of this study was to report the incidence of surgical intervention in patients with lumbar spinal stenosis, the characteristics of the patients, the subsequent development, and the case fatality rate, based on national data in Sweden for the period 1987-1999.
Materials and methods
Setting Sweden (population 8.9 million) has a national health care system based on administratively independent county councils. The country is divided geographically into six medical regions. The private hospital sector is small and provides only elective care. Health care is mainly funded by local taxes. Since 1964, the Swedish National Board of Health and Welfare has compiled data on individual hospital discharges in the National Inpatient Register, and since 1987 the register has covered all Swedish hospitals. Besides a national registration number, uniquely identifying every resident of Sweden, each record contains medical data including surgical procedures performed and diagnoses at discharge. Surgical procedures were coded according to the Swedish Classification of Operations and Major Procedures, sixth edition, and Classification of Surgical Procedures 1997, and diagnoses at discharge were coded according to the Swedish version of the International Classification of Diseases, Ninth Revision (ICD9) during 1987-1996 and Tenth Revision (ICD10) during 1997-2000.
Patients
All discharges during the years 1987 through December 1999 with the following procedure codes were selected from the Inpatient Registry: laminectomy (0300), posterior fusion (8440) other fusion (8449) decompression of nerve roots in lumbar spine (ABC36), decompression of spinal cord and nerve roots in lumbar spine (ABC56), decompression of spinal cord in lumbar spine (ABC66), other decompression in lumbar spine (ABC99), posterior fusion without instrumentation (NAG69), posterior fusion with instrumentation (NAG79), and unilateral posterior fusion (NAG89). In addition, only patients with a primary diagnosis of spinal stenosis not including the cervical spine (ICD9: 724A) or spinal stenosis (ICD10: M48.0) were selected. Operations on the cervical spine were not included. We further classified these discharges according to the complexity of the procedure. Fusion surgery with or without instrumentation (procedure codes 8440, 8449, NAG69, NAG79, and NAG89) were characterized as complex.
Due to invalid data in the National Inpatient Register, we had to exclude 0.4% of the total number of patients in our study.
To analyze the risk of dying among those operated on, we linked information on date of death and underlying cause of death from the Swedish Death Register to the National Inpatient Register, using the personal identification number. Underlying causes of death were coded by the ICD9 and ICD10 classifications. Date of surgery was not recorded in the National Inpatient Register during the study period. Therefore, the time at risk of dying was calculated as the difference between the dates of admission and death or end of follow-up (December 31, 1999), on the assumption that the patient had undergone surgery within 1 day after admission. Patients dying while in the hospital were also included.
Data analysis and statistics
Descriptive analyses of the characteristics of all patients and case fatality within 30 and 90 days after admission were performed, considering age, gender, discharge diagnoses, time period, underlying causes of death, and time elapsed between admission and death. Annual number of operations performed for lumbar spinal 
Results
The study cohort consisted of 10,494 patients. The mean follow-up time was 4.5 years, and standard deviation (SD) was 3.2 years.
Decompression surgery (laminectomy) was performed in 89% of the patients, and decompression with additional fusion in the remaining 11% ( Table 1 ). The overall mean age at surgery was 64 years (range 14-92 years). Over the study period, the mean age increased from 60.1 (SD12.5) to 66.8 (SD11.0) years ( Fig. 1) . The gender distribution was almost even.
Only 7% of the patients underwent multiple operations for spinal stenosis during the study period. The mean hospital stay decreased from 14.6 (SD10.7) to 7.9 (SD5.0) days during the study period. The annual number of operations performed increased from 4.7 to 13.2 per 100,000 inhabitants per year (Fig. 2) .
The geographic distribution of operations for lumbar spinal stenosis per 100,000 inhabitants per year in Sweden in the period 1987-1999 is shown in Fig. 3 . The mean rate for the whole of Sweden was 9.7 per 100,000 per year, ranging from 6 in the northern part of Sweden to 13 in the south-east part of the country.
The case fatality rate within 30 days after surgery was 3.5 per 1000 operations ( Table 2 ). The case fatality rate increased markedly with patient age, particularly after the age of 75 years. Between days 31 and 90, another 3.9 patients per 1000 operated on died. Women were at lower risk than men. Case fatality rate decreased over time.
Cardiovascular diseases were the most common causes of death (46%), followed by tumors (30%) ( Table 3 ). The most common diagnoses in these categories were myocardial infarction and prostate cancer, respectively. The other causes of death (22%) were very heterogeneous. The underlying causes of death within 30 days after surgery were also cardiovascular diseases (33%), followed by tumors (26%). A high proportion of spinal disorder as causes of death (31%) was noted, while deaths due to infections were uncommon (3%).
We also calculated the relative risk of dying within 90 days of admission, taking into consideration the combined effect of sex, age, surgical complexity, and time period (Table 4 ). The risk was significantly lower in women than in men. High age brought an increased risk, but this increase was only significant for those aged 80 or older. High complexity of surgery almost doubled the risk compared to low complexity. The risk decreased over time. 
Discussion
This national study showed that the 30-day mortality was low and decreased between the years 1987 and 1999. An age above 80 years, and high complexity of surgery increased the risk of dying within 90 days, while female gender reduced the risk.
Our data indicate that the annual rate of spinal stenosis surgery increased threefold from the year 1987 to 1993, and subsequently remained stable. The mean operation rate during the study period was 9.7 per 100,000 inhabitants per year. The incidence of spinal stenosis in Sweden has been studied previously in selected areas, and was reported to be 5 per 100,000 inhabitants per year (1987-1991) [11] . The same study reported a rate of spinal stenosis surgery of more than 3 per 100,000 inhabitants per year. Our findings indicate a surgical rate more than two times higher. The earlier findings were, however, based on local data, and a different time period, whereas our study relied on comprehensive national registers. In a Swiss study, the incidence of operations for spinal stenosis was found to be 11.5 per 100,000 per year, a rate similar to our data [4] . In contrast to our findings of an even gender ratio, they reported a male predominance. The Swedish National Register for Lumbar Spine Surgery also reported a higher proportion of men undergoing spinal stenosis surgery [26] . This study reported data from about 80% of all lumbar spinal stenosis surgery performed in Sweden during the year 1999, compared to our 13-year national study.
We noted a high geographic variation among the six Swedish medical regions, with the highest rate of surgery being more than twice that of the lowest. At an assessment of spinal stenosis surgery in Medicare beneficiaries in the US, the rate of surgery was observed to have increased eightfold from 1979 to 1992 [7] , and the same study reported rates of surgery varying between US states by almost a factor of five.
Reoperation rates for decompressive laminectomy vary from 9% to 23% [9, 10, 13] . In our study, we found that 7% of the patients underwent multiple operations for spinal stenosis within 4.5 years.
The 30-day case fatality rate per 1000 operations in our study was 3.5, which may be compared to 2.9 per 1000 operations in a study of total hip joint replacement [18] . The authors of the latter study concluded that age carried a significantly increased risk above 70 years. In our study, the risk increased significantly with age, but only in patients aged above 80 years. This group constituted less than 7% of all patients.
Oldrigde et al. [17] reported a significantly higher 1-year cumulative mortality in men than in women operated on for lumbar spine surgery. Another study also showed increased postoperative mortality with age, and high comorbidity [7] . The gender differences in our study could be due to confounding factors. Men might have more comorbidity, and or several negative lifestyle factors such as smoking. Unfortunately, we could not extract any of these data from our data set. The inpatient registers do not include outcome data, and therefore we could not determine the success of the procedure. Quality of Life measurements are, however, now prospectively collected in the Swedish National Register for Lumbar Spine Surgery, using instruments like SF-36 or Euroqol, and it may be possible to study them in the future [26] .
The case fatality rate following spinal stenosis surgery in our study is among the lowest that have been reported. During the study period, the mean age of patients surgically treated for spinal stenosis increased by almost 8 years, and there was still a decline in the mortality rate. This may have been due to more careful patient selection, a healthier population or improved perioperative care.
The death rate after spinal stenosis surgery is related to age, gender, and type of procedure. A fusion procedure was associated with an almost twofold increase in the rate of death compared to decompression surgery alone. Previous studies have found that fusion operations had more complications [8, 26] . However, no differences in mortality rates compared to operations without fusions have previously been reported.
In a study of mortality rates after elective hip arthroplasty, high age, male sex, and a history of cardiorespiratory disease were found to contribute to death within 30 days after the operation. This study also reported a positive time trend as well as a significant decline in the 30-day mortality rate after hip arthroplasty [18] .
Our study is the largest population-based analysis reported on spinal stenosis surgery. Unlike other studies, we 539 also included all deaths after these procedures. The study design, with linkage of the National Inpatient Register to the Swedish Death Register, had the advantage of including all discharges after spinal stenosis surgery in Sweden over a period of 13 years. It also allowed a complete follow-up both of dates of death and of underlying causes of death, even after the patients were discharged from hospital. Misclassification of the date of death is unlikely, as the reporting to the Swedish Death Register is virtually complete and is of high quality [23] . We based our analysis on two national databases. Register studies have several advantages, notably virtually complete coverage and unbiased prospective collection of data.
The ICD9 classification did not distinguish between stenosis in the thoracic spine and the lumbar spine, while the ICD10 classification has a specific code for each anatomical region. Procedures on the thoracic spine are rare in Sweden. Therefore, it is unlikely that an inclusion of these could have had a major impact on our results.
We confined our study to patients with a primary diagnosis of lumbar spinal stenosis. Only 20% of the patient records have secondary diagnoses, making an analysis of comorbidity unfeasible. Had this information been available, additional risk factors might have been revealed, for example malignancies, diabetes mellitus or severe cardiovascular diseases.
In a few patients, the underlying cause of death indicated a fatal disease that was not recorded among the discharge diagnoses, and therefore may have been undetected at the time of surgery. In some patients, however, the underlying cause of death was a disease that normally is not considered fatal, e.g. spinal stenosis. We obtained data on causes of death, but we only considered the underlying cause. In Sweden, contributory causes of death are also recorded in the death certificates and in the National Death Register. The order of rank of underlying and contributory causes of death is not always apparent. This may explain our finding that almost one-third of the patients dying within 30 days had a spinal disorder as an underlying cause. Moreover, the autopsy rates are low, and decreased during the study period. Many died of cardiovascular diseases. Some of these cardiovascular deaths may have been caused by the trauma of anesthesia and surgery in patients with low physiological reserves as a result of high age or comorbidity.
Our results shed additional light on back surgery, since they suggest that the surgical trauma itself may pose a risk among patients who undergo surgery for spinal stenosis. Avoiding or postponing surgery by making a correct preoperative diagnosis, and minimization of surgical trauma by proper timing of surgery, with preoperative optimization of physiological reserves, may therefore be important to reduce the death rate further. Nonsurgical treatment may also be considered in selected patients [22] . Improved diagnostic workup and the availability of CT scan and MRI during the later part of our study may also have contributed to the improved prognosis.
With the changing therapeutic panorama of spinal stenosis in industrialized countries, our results have implications for health care providers. Spinal stenosis surgery is associated with a low number of deaths, the case fatality rate within 30 days after surgery was only 3.5 per 1000 operations.
Conclusion
The mean operation rate was 9.7 per 100,000 inhabitants per year, and increased threefold from 1987 to 1993. The case fatality rate within 30 days after surgery was only 3.5 per 1000 operations. The risk of dying was higher for men, for fusion surgery, and in patients aged above 80 years. The mortality declined despite ageing of patients.
